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(54) Data communication system data communication method and data communication 
apparatus 



(57) A data communication system comprises de- 
vices having at least the functions of a source, a desti- 
nation, and a controifer. The source transmits informa- 
tion data by using an address specifying one part of a 
memory space provided in a destination. The destina- 
tion stores the information data in one part of the mem- 
ory space specified by that address. The controller man- 
ages data transmission between the source and the 
destination. In a data communication system such as 
this, at least one device from among the source, the des- 
tination, and the controller resumes transmission of the 
information data without discarding any pan of the data 
stored in the memory space, in the event that the trans- 
mission of the information data is interrupted in conform- 
ance with the default settings of a network. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a data communication 
system, data communication method and data commu- 
nication apparatus, and relates in particular to a network 
that mixes information data (including image data) and 
command data and communicates said data at high 
speeds, and to a communication protocol that enables 
application of said network. 

Related Background Art 

[0002] Conventionally, among peripheral devices lor 
personal computers (hereafter referred to as PCs), hard 
disks and printers have had the highest frequency of 
use. These peripheral devices were connected to the 
PC by means of a general-purpose digital interface such 
as a dedicated input/output interface or a SCSI interface 
(small computer system interface). 
[0003] Recently, however, AV (Audio/Visual) devices 
such as digital cameras and digital video cameras are 
commanding greater interest and attention as PC pe- 
ripheral devices. These AV (Audio/Visual) devices have 
also been connected to the PC via a dedicated interface. 
[0004] With conventional dedicated interfaces and 
SCSI interfaces, particularly when large volumes of data 
are involved, such as the still images and moving imag- 
es conveyed by AV devices, the rate of data transmis- 
sion has been low, and because parallel communication 
is used, large communication cables were required, lim- 
iting the number and types of peripheral devices that 
could be connected to onty a few devices. Numerous 
problems arose, such as limitations in the connection 
method and the inability to transmit data in real time. 
[0005] The IEEE (Institute of Electrical and Electron- 
ics Engineers, Inc.) 1394-1995 standards are known as 
a next-generation digital interface featuring high speed 
and a high level of performance, and are designed to 
solve these problems. 

[0006] Digital interfaces that conform to the. IEEE 
1 394-1995 standards (hereafter referred to as 1394 in- 
terfaces) offer the following features. 

(1 ) Data is transmitted at high speed. 

(2) Two methods for transmitting data in real time 
are supported: the isochronous transmission meth- 
od and the asynchronous transmission method. 

(3) Connections can be configured (topology) with 
a high degree of freedom. 

(4) Plug-and-piay functions and hot-line insertion/ 
removal functions are supported. 

[0007] With IEEE 1394-1995 standards, however, 
certain elements such as the physical and electrical con - 



figurations of connectors and the two most fundamental 
data transmission methods are defined, but other ele- 
ments such as the types of data, the data configuration, 
and the communication protocol by which data is sent 

5 and received, are not defined. 

[0008] Furthermore, with the isochronous transmis- 
sion method used with the IEEE 1394-1995 standards, 
because the response to transmitted packets is not reg- 
ulated, there is no assurance as to whether each indi- 

io vidual isochronous packet has been received. Conse- 
quently, the isochronous transmission method cannot 
be used to assure successful transmission of consecu- 
tive multiple data items, or of data from a single file which 
has been subdivided into multiple data items. 

is [0009] Moreover, with the isochronous transmission 
method used with the IEEE 1394-1995 standards, the 
total number of communications is restricted to 64, even 
if there are available transmission band widths. For this 
reason, it is not possible to use-the isochronous trans- 

20 mission method to transmit numerous communications 
on a small number of transmission band widths. 
[0010] In addition, with the IEEE 1394-1995 stand- 
ards, in cases such as the bus being reset when the 
power supply to a node is turned on or off : or when a 

25 node is connected or disconnected, it is necessary to 
interrupt the transmission of data. With the IEEE 
1394-1995 standards, conversely, if data transmission 
is interrupted by a bus reset or an error occurring during 
the transmission, it is not possible to discern the con- 

30 tents of the data which have been lost. Furthermore, re- 
sumption of a transmission which was interrupted re- 
quires extremely complex and intricate communication 
procedures. 

[0011] The bus reset is a function by which new topol- 
35 ogies are recognized and the addresses assigned to the 
various nodes (node IDs) are set automatically. This 
function enables plug-and-play functions and hot-line 
insertion/removal functions to be supported with the 
IEEE 1394-1995 standards. 
■io [0012] Additionally, with regard to communication 
systems conforming to the IEEE 1394-1995 standards, 
although real-time transmission is not required, there 
have been no specific proposals for a communication 
protocol which would enable continuous transmission of 
is object data comprising comparatively large volumes of 
data (for instance, still image data, graphics data, text 
data, file data : and program data) where a high level of 
reliability is required. 

50 SUMMARY OF THE INVENTION 

[0013] An object of the present invention is to solve 
the above-described problems. 

[0014] Another object of the invention is to provide 
55 technology which enables, in a data communication 
system, data communication method, and data commu- 
nication apparatus, continuous and successful trans- 
mission of object data where real-time transmission is 
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not a necessity. 

[0015] Another object of the invention is to enable the 
rapid resumption of data transmission, in a data com- 
munication system, data communication method, and 
data communication apparatus, when data transmis- 5 
sion has been interrupted, and to provide technology 
that reduces the volume of data being transmitted in a 
redundant manner. 

[0016] As a preferred embodiment for such objects, 
the data communication system of the present invention io 
discloses: 

a source that transmits information data by using an 
address specifying a part of the memory space pro- 
vided in the destination; is 
a destination that stores the information data in a 
part of the memory space specified by the address; 
and 

a controller that manages data transmission be- 
tween the source and the destination; 20 
wherein, in the event that the transmission of the 
information data, carried out according to a default 
setting of a network, is interrupted, the transmission 
of the information data is resumed without discard- 
ing any part of the data stored in the memory space. 25 

[001 7] As another embodiment of such objects, the 
data communication system of the present invention 
discloses: 

30 

a source that transmits information data by using an 
address specifying a part of the memory space pro- 
vided in the destination; 

a destination that stores the information data in a 
part of the memory space specified by the address; 35 
and 

a controller that manages data transmission be- 
tween the source and the destination; 
wherein, in the event that the transmission of the 
information data, is interrupted in conformance with *o 
the default settings of a network the source 
resumes the transmission from one part of the in- 
formation data by using an address specified by the 
destination or the controller. 

45 

[0018] As another embodiment of such objects, the 
data communication system of the present invention 
discloses; 

a step that transmits information data using an ad- so 
dress specifying a part of the memory space pro- 
vided in the destination; 

a step that stores the information data in a part of 
the memory space specified by the address; and 
a step that resumes transmission of the information ss 
data without discarding any part of the data stored 
in the memory space, in the event that the transmis- 
sion of the information data is interrupted according 



to the default setting of a network. 

[0019] As another embodiment of such objects, the 
data communication system of the present invention 
discloses: 

a step that transmits information data by using an 
address specifying a part of the memory space pro- 
vided in the destination; and 
a step that resumes transmission of the information 
data without discarding any part of the data stored 
in the memory space, in the event that the transmis- 
sion of the information data is interrupted according 
to the default setting of a network. 

[0020] As another embodiment of such objects, the 
data communication system of the present invention 
discloses: 

a step that stores information data transmitted from 
a source in a part of the memory space specified by 
the source; and 

a step that resumes transmission of the information 
• data without discarding any part of the data stored 
in the memory space, in the event that the transmis- 
sion of the information data is interrupted according 
to the default setting of a network. 

[0021] As another embodiment of such objects, the 
data communication system of the present invention 
discloses: 

a step that specifies the beginning of transmission 
of information data, along with communicating an 
address specifying a part of the memory space pro- 
vided in the destination; and 

a step that initiates control such that transmission 
of the information data is resumed without discard- 
ing any part of the data stored in the memory space, 
in the event that the transmission of the information 
data is interrupted according to the default settings 
of a network. 

[0022] As another embodiment of such objects, the 
data communication system of the present invention 
discloses: 

a step that transmits information data by using an 
address specifying a part of the memory space pro- 
vided in the destination; 

a step that stores the information data in a part of 
the memory space specified by the address; and 
a step that resumes transmission of the information 
data from one part of the information data by using 
an address specified by the destination or the con- 
troller in the event that the transmission of the in- 
formation data is interrupted according to the de- 
fault setting of a network. 
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[0023] As another embodiment of such objects, the 
data communication system of the present invention 
discloses: 

a step that transmits information data by using an 
address specifying a part of the memory space pro- 
vided in the destination; and 
a step that resumes transmission of the information 
data from one part of the information data by using 
an address specified by the destination or the con- 
troller, in the event that the transmission of the in- 
formation data is interrupted according to the de- 
fault setting of a network. 

[0O24] As another embodiment. of such objects, the 
data communication system of the present invention 
discloses: 

a step that stores information data transmitted from 
a source in a part of the memory space specified by 
the source: and 

a step that specifies an address to the source spec- 
ifying one part of the memory space, in the event 
that the transmission of the information data is in- 
terrupted according to the default setting of a net- 
work. 

[0025] As another embodiment of such objects, the 
data communication system of the present invention 
discloses: 

a step that specifies the beginning of transmission 
of information data, aiong with specifying an ad- 
dress that specifies one part of the memory space 
in relation to the source; and 
a step that specifies an address specifying one part 
of the memory space to the source, in the event that 
the transmission of the information data is interrupt- 
ed according to the default setting of a network. 

[0026] As another embodiment of such objects, the 
data communication system of the present invention 
discloses: 

a unit that transmits information data by using an 
address specifying one part of a memory space pro- 
vided in the destination; and 

a unit that executes control such that transmission 
of the information data is resumed without discard- 
ing any part of the data stored in the memory space, 
in the event that the transmission of the information 
data is interrupted according to the default setting 
of a network. 

[0027] As another embodiment of such objects, the 
data communication system of the present invention 
discloses: 



a unit that stores information data transmitted from 
a source to one part of a memory space specified 
by the source; and 

a unit that executes control such that transmission 
5 of the information data is resumed without discard- 
ing any part of the data stored in the memory space, 
in the event that the transmission of the information 
data is interrupted according to the default setting 
of a network. 

w 

[0028] As another embodiment of such objects, the 
data communication system of the present invention 
discloses: 

is a unit that transmits information data by using an 
address specifying one part of a memory space pro- 
vided in the destination; and 
a unit that initiates control such that transmission of 
the information data is resumed using an address 

20 specified by the destination or the controller, in the 
event that the transmission of the information data 
is interrupted according to the default setting of a 
network. 

25 [0029] As another embodiment of such objects, the 
data communication system of the present invention 
discloses: 

a unit that stores information data transmitted from 
30 a source to one part of a memory space specified 
by the source: and 

a unit that specifies an address to the source that 
specifies one part of the memory space, in the event 
that the transmission of the information data is in- 
35 terrupted according to the default setting of a net- 
work. 

[0030] Stil I other objects of the present invention . and 
the advantages thereof, wilt become fully apparent from 
the following detailed description of the embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] Fig. 1 is a block diagram indicating a configu- 
45 ration example of the communication system of this em- 
bodiment. 

[0032] Fig.' 2 is a drawing describing the configuration 
of the 1394 interface of this embodiment. 
[0033] Fig. 3 is a drawing describing the transmission 
so method used with the 1 394 interface. 

[0034] Fig. 4 is a sequence chart describing the basic 
procedures of the communication protocol of this em- 
bodiment. 

[0035] Fig. 5 is a drawing describing a transmission 
55 model for object data. 

[0036] Figs. 6A and 6B are drawings describing the 

address spaces of the various nodes. 

[0037] Fig. 7 is a sequence chart describing the com- 
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munication protocol of the first embodiment. 
[0038] Fig. 8 is a drawing describing the configuration 
of the communication packets transmitted from the con- 
troller to the source. 

[0039] Fig. 9 is a drawing describing the internal ad- s 
dresses provided by the source. 

[0040] Fig. 1 0 is a sequence chart describing the com - 
munication protocol of the second embodiment. 
[0041 ] Fig. 1 1 is a sequence chart describing the com- 
munication protocol of the third embodiment. 10 
[0042] Fig. 12 is a sequence chart describing the com- 
munication protocol of the fourth embodiment. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENTS is 

[0043] The preferred embodiments of the present in- 
vention will now be described in detail hereinafter with 
reference to the accompanying drawings. 
[0044] Fig. 1 is a block diagram describing the conlig- 20 
uration of the communication system of this embodi- 
ment. In Fig. 1, each of devices provides a digital inter- 
face 105 conforming to the IEEE 1394-1995 standards 
{hereafter referred to as 1 394 standards). 
[0045] The communication system indicated in Fig. 1 25 
is configured of a TV 101 . a digital video tape recorder 
(hereafter referred to as DVTR) 102, a printer 103, and 
a digital camcorder (hereafter referred to as D VCR) 1 04. 
[0046] In Fig. 1, the TV 101 ; DVTR 102, and DVCR 

104 provide a control unit 106 and a signal processing 30 
unit 107, while the printer 103 provides a control unit 
106 and an image processing unit 109. These devices 

are connected by means of communication cables 
which conform to 1 394 standards. 

[0047] In this embodiment, there are two types of 3S 
communication cab!es : a 4-pin cable and a 5-pin cable. 
The 4-pin cable is configured of two pairs of twisted-pair 
shielded wires, and is used for data transmission and 
communication of intervention signals. The 6-pin cable 
is configured of two pairs of twisted-pair cables and a -0 
pair of power supply cables. Data transmitted using the 
two pairs of twisted-pair cables is data that has been 
coded using the DS-Link method. 
[0048] Next, the configuration of the digital interface 

1 05 used in this embodiment will be described in detail *s 
with reference to Fig. 2. 

[0049] The digital interface 105 is functionally config- 
ured of multiple layers. In Fig. 2 ; the digital interface 105 
is connected to the digital interfaces 1 05 of other devic- 
es by means of a communication cable 201 that con- so 
forms to the IEEE 1394-1995 standards. Furthermore, 
the digital interlace 1 05 has at least one communication 
port 202, with each communication port 202 being con- 
nected to a physical layer 203 which is included in a 
hardware unit. 55 
[0050] In Fig. 2, the hardware unit is configured of a 
physical layer 203 and a link layer 204. The physical lay- 
er 203 handles detection of physical and electrical inter- 



faces with other nodes, bus resets and the accompany- 
ing processing, coding and decoding of input and output 
signals, intervention in bus usage rights, and other func- 
tions. The link layer 204 formulates communication 
packets, sends and receives the various types of com- 
munication packets, and handles control of cycle timers, 
as well as other functions. The link layer 204 also for- 
mulates the packets stipulated by the communication 
protocol described at a later point, and provides trans- 
mission functions. 

[0051] Also, in Fig. 2. the firmware unit includes a 
transaction layer 205 and a serial bus management 206. 
The transaction layer 205 oversees the asynchronous 
transmission method, and provides various types of 
transactions (reading, writing, locking). The transaction 
layer 205 also provides a function by which the transac- 
tions governed by the communication protocol de- 
scribed at a later point are managed. The serial bus 
management 206 provides functions, based on the 
IEEE 1212 CSR standards, by which its own nodes are 
controlled, the connection statuses of its own nodes are 
managed. ID information for its own nodes is managed, 
and resource management of the serial bus network is 
carried out. The serial bus management 206 also pro- 
vides a function by which control of the various types of 
processing operations relating to the communication 
protocol described at a later point is carried out. 
[0052] The hardware unit and firmware unit illustrated 
in Fig. 2 make up : in practical terms., the 1394 interface, 
and the basic configuration of these units is governed 
by the IEEE 1394-1995 standards. 
[0053] Additionally, the application layer 207 included 
in the software unit varies depending on the application 
software being used., and controls the types of object 
data that can be transmitted, and the manner in which 
they are transmitted. 

[0054] The communication protocol of this embodi- 
ment, described at a later point, expands the functions 
of the hardware unit and firmware unit making up the 
digital interface 105. and provides new transmission 
procedures for the software unit. 

[0055] With the digital interface 1 05 described above, 
when the power supply is turned on ; the bus is reset 
automatically in response to changes in the connection 
configuration, such as the connection of new devices 
and the disconnection of devices. 

[0056] A bus reset refers to processing in which the 
connection configuration of the various devices com- 
prising the communication system (hereafter referred to 
as nodes) recognized up to the current point in time, and 
the communication addresses of those devices (hereaf- 
ter referred to as node IDs) are initialized, the new con- 
nection configuration is recognized once again, and 
communication addresses are specified once again. 
[0057] The next section is a brief description of the 
processing procedures involved in a bus reset. These 
procedures include recognition of the tiered connection 
configuration of the communication system and assign- 
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ment of physical communication addresses for each of 
the nodes. 

[0058] Recognition of the connection configuration is 
implemented after the bus reset has begun, by a decla- 
ration of the hierarchical relationship between the vari- 
ous nodes. The various nodes are recognized as a com- 
munication system with a tree-type construction (tiered 
construction) by the nodes determining the hierarchical 
relationship between each of the nodes. Because the 
hierarchical relationship between each of the nodes de- 
pends on the connection status of the communication 
system and on the lunctions of the various nodes, the 
same relationship does not necessarily result each time 
a bus reset is carried out. 

[0059] For instance, in the communication system il- 
lustrated by Fig. 1 , first, the various digital interfaces 1 05 
determine the hierarchical relationship between the 
printer 103 (hereafter referred to as Node D) and the 
DVTR 102 (hereafter referred to as Node C). Next, the 
hierarchical relationships between the DVCR 104 (here- 
after referred to as Node B) and the TV 101 (hereafter 
referred to as Node A), and between Node C and Node 
A, are specified. 

[0060] Finally, all of the devices recognized as having 
nodes with a higher hierarchical (or upper-level) position 
serve as root nodes, and management of intervention 
in the bus usage rights of this communication system is 
carried out. In the communication system illustrated in 
Fig. 1 , Node A is the root node. 

[0061] After the root nodes have been determined, 
specification of node IDs for the various nodes config- 
uring the communication system begins automatically. 
Basically, node IDs are specified by the node with the 
higher hierarchical position allowing a physical address 
to be specified for a node with a lower hierarchical po- 
sition which is connected to a communication port with 
a lower port number, following which the lower-position 
node grants permission for its own subsidiary nodes to 
specify addresses, and the processing continues in se- 
quential order. Nodes for which their own node IDs have 
already been specified transmit their own ID packets, 
and notify other nodes of the node I Ds assigned to them. 
Ultimately, after node IDs have been specified for all of 
the lower-position nodes, the higher-position nodes 
specify their own node IDs. 

[0062] In the processing described above, as 
processing is carried out repeatedly, the node IDs for 
the root nodes are the last to be specified. Because the 
node IDs assigned to the various nodes depend on the 
hierarchical relationship between the various devices, 
the same node ID will not necessarily be specified for 
the same node each time a bus reset occurs. 
[0063] Next, the process by which node IDs are auto- 
matically specified will be described in reference to Fig. 
1 . The following description will apply to a case in which, 
afterthe connection configuration has been recognized, 
Node A serves as the root node. 

[0064] In Fig. 1 , Node A, which is the root node, first 



allows a node ID to be specified for the node connected 
to the "Port 1 " communication port, namely. Node B. 
[0065] Node B specifies its own node ID as "#0", and 
broadcasts the resulting address to all of the nodes con- 

5 figuring the communication system, as a self-ID packet. 
Here, "broadcast* refers to specific information being 
sent to the addresses of numerous unspecified nodes. 
[0066] As a result, all of the nodes acknowledge that 
the node ID "#0" has already been assigned, and the 

to next node for which address specification is permitted 
specifies the next node address as "#1 ". After Node B 
has been specified, Node A allows specification of a 
node ID for the node connected to the "Port 2" commu- 
nication port, namely Node C. 

is [0067] Node C grants permission for IDs to be speci- 
fied for the communication ports connected to the lower- 
position nodes : in sequential order, starting with the low- 
est port number. In other words, permission is granted 
for Node D ; and after a node ID of "#1" is specified tor 

20 Node D, and Node D, having accepted that permission, 
then broadcasts a self-ID packet. 
[0068] After Node D has been specified, Node C 
specifies its own node ID as "#3", and finally, Node A, 
which is the root node, specifies its own node ID as "#4", 

25 and recognition of the connection configuration is con- 
cluded. 

[0069] Through this type of bus reset processing, the 
digital interfaces 1 05 are able to automatically recognize 
the connection configuration of the communication sys- 
30 tern and specify the communication addresses for the 
various nodes. The various nodes, using the node IDs 
described above, are then able to carry out communi- 
cations among themselves. 

[0070] Next, the data transmission method provided 
3B by the digital interfaces 105 will be described in refer- 
ence to Fig. 3. 

[0071] The communication system illustrated in Fig. 
3 provides two data transmission methods, the iso- 
chronous transmission mode and the asynchronous 
40 transmission mode. Because the isochronous transmis- 
sion mode assures dispatch and reception of a packet 
containing a given quantity of data within the transmis- 
sion cycle for one packet (1 25 u.s) : this mode is effective 
for real-time transmission of video data and audio data. 
45 The asynchronous transmission mode sends and re- 
ceives control commands, file data, and other data in an 
asynchronous manner as necessary, and the priority or- 
der specified for this mode is lower than that of the iso- 
chronous transmission mode. 
so [0072] In Fig. 3, at the beginning of each communica- 
tion cycle, a communication packet called a cycle start 
packet 301 is dispatched, which adjusts the cycle times 
for the timings of the various nodes. 
[0073] Alter the cycle start packet 301 has been dis- 
ss patched : the isochronous transmission mode is speci- 
fied for a given period of time. In the isochronous trans- 
mission mode : multiple isochronous transmissions can 
be carried out by assigning channel numbers to the re- 
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spectrve data items being transmitted based on the is- 
ochronous transmission mode. 

[0074] For instance, in Fig. 3, it a channel number of 
*ch O" is assigned to the data 302 being dispatched via 
isochronous transmission from the OVCR 104, while a 5 
channel number of "ch 1" is assigned to the data 303 
being dispatched via isochronous transmission from the 
DVTR 102, and a channel number of "ch 2" is assigned 
to the data 304 being dispatched via isochronous trans- 
mission from the TV101, the various data items are '0 
transmitted using isochronous transmission, within a 
singte communication cycle, at the appropriate timing. 
[0075] When the various isochronous transmissions 
have been completed, asynchronous transmission is 
used until the start cycle packet 301 for the next cycle is 
is transmitted. For instance, in Fig. 3, data 305 is sent 
from the DVCR 104 to the printer 103 t based on asyn- 
chronous transmission. 

[0076] Fig. 4 shows a sequence chart describing the 
basic configuration of the communication protocol of this 20 
embodiment, using the asynchronous transmission 
mode. In Fig. 4. the object data (for example, still image 
data) sequence is sent to the node which handles asyn- 
chronous transmission, namely source 402, which is the 
DVCR 104. Then, the object data sent in sequential or- 25 
der from source 402. using asynchronous transmission, 
is sent to the reception node, namely the destination 
403 : which is the printer 103. Following that, the TV 101 
is set as the node which controls communications be- 
tween the source 402 and the destination 403. namely. 30 
the controller 401. 

[0077] The communication protocol for this embodi- 
ment consists of three phases. The first phase 404 is 
the connection phase, when the controller 401 inquires 
whether or not the destination 403 has a reception -buff- 35 
er large enough to contain the destination offset, which 
will be described at a later point, and the destination 403 
is set in the reception standby state. The controller 401 
selects the object data to be sent from the source 402 
using asynchronous transmission, and sets the trans- -0 
mission from the transmission buffer. 
[0O78] The second phase 405 is the transmission 
phase, in which the controller 401 controls the source 
402 and the destination 403, and transmits the object 
data in sequential order, by means of at least one pack- -5 
et, using asynchronous transmission. 
[0079] The third phase 406 is the connection release 
phase, in which the controller 401 releases the reception 
buffer of the destination 403 from its own management, 
and in the same way, releases the transmission buffer so 
of the source 402 from its management. 
[0080] Fig. 5 is a drawing which describes the rela- 
tionship between the object data sent from the source 
402 using asynchronous transmission and the reception 
buffer of the destination 403. ss 
[0081] The object data 501 sent from the source 402 
using asynchronous transmission is divided into at least 
one segmented data item 502 which is equivalent to the 



sjze of the reception buffer of the destination 403 com- 
municated by the controller 401 . 
[0082] The individual segmented data items 502 are 
organized into one or more communication packets 503 
based on the asynchronous transmission mode (here- 
after called asynchronous packets 503). and are sent in 
sequential order from the source 402 to the destination 
403. 

[0083] The destination 403 receives the asynchro- 
nous packets 503 sent in sequential order from the 
source 402. and writes them temporarily to a reception 
buffer 504. After transmission of one segment of object 
data has been completed, the destination 403 writes the 
individual segments of data stored in the reception buff- 
er 504 to the internal memory 505, in sequential order. 
[0084] Next, the reception buffer 504, possessed by 
all of the nodes, including the destination 403 : will be 
described in detail with reference to Figs. 6A and 6B. 
The reception buffer 504 is managed by a 54-bit address 
space conforming to IEEE 1212 CSR (Control and Sta- 
tus Register Architecture) standards (or to ISO/1EC 
13213: 1994 standards). IEEE 1212 CSR standards are 
standards which govern control, management, and ad- 
dress assignments for serial buses. 
[0085] Fig. 5A shows a logical memory space indicat- 
ed by a 64-bit address. Fig. 6B shows one part of the 
address space illustrated by Fig. 6A: lor instance, the 
address space in which the most significant 16 bits will 
serve as FFFF 16 . The reception buffer 504 uses part of 
the address space illustrated by Fig. 6B. and is specified 
by the destination offset indicated by the least significant 
48 bits of the address. These destination offsets are 
specified by the header sections of the various asyn- 
chronous packets. 

[0086] In Fig. SB. for instance, 000000000000 16 to 
0000000003FF 1S are reserved fields, and the fields in 
which the object data 501 is actually written are the 48 
least significant bits of the address, expressed by 
FFFFF0000400 1S and subsequent bits. 

(First embodiment) 

[0087] The communication protocol of the first em- 
bodiment is described as it applies to the communica- 
tion system illustrated by Fig. 1. Here, the TV 101 serves 
as the controller 401 of the first embodiment. Ihe DVCR 
104 as the source 402, and the printer 103 as the des- 
tination 403. 

[0088] In the first embodiment, after the object data 
(for example, image data., audio data : graphics data, or 
text data) has been divided into segments consisting of 
one or more data, as illustrated in Fig. 5, the source 402 
sends the segmented data in the form of one or more 
asynchronous packets, using asynchronous transmis- 
sion. The destination 403 writes the one or more asyn- 
chronous packets sent from the source 402 using asyn- 
chronous transmission to the reception buffer 504, and 
stores the data in the internal memory 505 in units of 
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one segment of data. 

[0089] The controller 401 selects object data sent 
from the source 402 in conjunction with the size of the 
destination 403 buffer, and manages communications 
with the source 402 involving specifications such as the 
size of the segmented data formulated by the source 
402 : and other parameters. 

[0090] The communication protocol with the configu- 
ration of the first embodiment includes, as shown in Fig. 
4, three phases, namely a connection phase, a trans- 
mission phase, and a connection release phase. 
[0091] The connection phase and connection release 
phase of the configuration of the first embodiment can 
be executed in the same way as the first phase 404 and 
the third phase 406 shown in Fig. 4. Consequently, with 
regard to the configuration of the first embodiment, the 
transmission phase is described in detail. 
[0092] Fig. 7 is a sequence chart describing the trans- 
mission phase of the configuration of the first embodi- 
ment in detail. 

[0093] In Fig. 7. the controller 401 specifies (704) to 
the destination 403 that the segmented data sent by 
means of asynchronous transmission is to be received 
in a number ol communication packets. The controller 
401 also specifies (705) to the source 402 that the object 
data is to be divided into one or more segmented data, 
and that these segmented data are to be transmitted by 
means of asynchronous transmission in a number of 
communication packets. 

[0094] The configuration of the data section of the 
communication packet sent from the controller 401 to 
the source 402 is described here with reference to Fig. 
8. The communication packet shown in Fig. 8 is a com- 
munication packet which instructs the source 402 to be- 
gin transmitting the segmented data, and the data is 
sent using the asynchronous transmission mode. The 
communication packet shown in Fig. 8 has a horizontal 
width of eight bytes. 

[0095] In Fig. 5. the command which instructs the 
transmission is stored in the first byte field 801 . The seg- 
ment number indicating the sequential order in which 
segmented data is to be transmitted is stored in field 
802 ; and the node ID information for the destination 403 
is stored in field 803. 

[0096] The initial address of the reception buffer 504 
provided by the destination 403 is stored in field 804. 
Field 505 contains information pertaining to the size of 
the recaption buffer provided by the destination 403, 
meaning the size of one data segment. Field 806 con- 
tains information pertaining to the maximum size of 
communication packets that can be received by the des- 
tination 403. Field 507 contains various types of status 
information. 

[0097] In Fig. 8, an area 808 which contains the re- 
send identification bit is specified in the area designated 
for field 807. The source 402 reads this area 80S and 
determines whether normal transmission processing or 
re-send processing is to be carried out. For example, if 



the controller 401 indicates that normal segmented data 
is to be transmitted from the source 402, this area 808 
will contain a "O". 

[0098] In the configuration of the first embodiment, the 
5 source 402 which receives the communication packet 
shown in Fig. 6 is configured so that the value for the 
initial address of the reception buffer 504 stored in field 
804 is stored in a designated internal register. Here, the 
internal register is included in the digital interfaces 105 
10 provided by the various devices or the control unit 106 
which controls the operations of the various devices 
(see Fig. 1). 

[0099] In Fig. 4, following the instruction from the con- 
troller 401 , the source 402 organizes single data seg- 
15 ments into one or more asynchronous packets, and 
sends these asynchronous packets in sequential order 
(706) to the destination 403. For instance, as shown in 
Fig. 5, the source 402 divides single-segment data into 
n data, and after configuring n asynchronous packets 
20 from these data, sends them in sequential order. 

[0100] Here : the addresses (destination offset) spec- 
ified by the designated field of the reception buffer 504 
provided by the destination 403 are stored in the various 
asynchronous packets. For instance, the first asynchro- 
25 nous packet of the segmented data contains the initial 
address of the reception buffer 504, as communicated 
by the controller 401 . Subsequent asynchronous pack- 
ets contain the offset addresses specifying the desig- 
nated fields of the reception buffer 504 in sequential or- 
30 der. It a bus reset 707 occurs during asynchronous 
transmission cf single-segment data, the source 402 in- 
terrupts the transmission of the segmented data. 
[0101] The destination 403. along with interrupting the 
reception of the segmented data, stores the offset ad- 
35 dress included in the last asynchronous packet to be re- 
ceived normally before the bus reset occurred in the in- 
ternal register described above. The destination 403 al- 
so retains the segmented data stored in the reception 
buffer 504 without discarding any part of the data, 
-so [0102] After bus reset processing has been conclud- 
ed, the controller 401 which detected the bus reset 707 
checks to see whether or not the node I Ds of the source 
402 and the destination 403 have been changed. Fol- 
lowing that, the controller 401 issues instructions to the 
45 source 402 and the destination 403 to resume data 
transmission (705 and 709). 

[0103] The communication packet carrying the in- 
struction to resume transmission which is sent to the 
source 402 contains the node ID of the destination 403 
so which was specified by the bus reset 707. In addition, 
the data in this communication packet is configured as 
shown in Fig. 8 : and a "1" is stored in area 808 (the re- 
send identification bit) inside field 807 in that communi- 
cation packet. The source 402 reads this area 505 and 
55 recognizes that re-send processing is to be carried out. 
[0104] In the same way, the communication packet 
which instructs the destination 403 that transmission is 
to be resumed contains the node ID of the source 402 
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specified by the bus reset 707. 

[0105] The destination 403, which received the in- 
struction from the controller 401 , notifies the source 402 
of the offset address stored in the internal register, and 
also waits (710) for the segmented data to be re-sent 
from the source 402. 

[01 06] The source 402, which received the instruction 
from the controller 401, waits for notification from the 
destination 403 of the offset address. Following notifi- 
cation of the offset address, the source resumes asyn- 
chronous transmission of the segmented data from part- 
way4hrough the data (711). 

[0107] At this point, the source 402 compares the val- 
ue of the initial address of the reception buffer 504 pro- 
vided by the destination 403 with the value of the offset 
address communicated by that destination 403 : and 
identifies the portion of the segmented data from which 
transmission is to resume, based on the difference be- 
tween the two values. 

[0108] For example, if the least significant 16th bit of 
the initial address of the reception buffer 504 stored in 
the internal register is "OEOOh", and the least signifi- 
cant 16th bit of the offset address described above is 
"OE04h*, as shown in Fig. 9 ; the source 402 will resume 
asynchronous transmission from the data 901 of the fifth 
byte of the segmented data being transmitted when the 
transmission was interrupted by the bus reset. 
[0109] After asynchronous transmission of this single- 
segment data has been completed, the source 402 re- 
ports (712) to the controller 401 that the transmission 
has been completed, in the same way, the destination 
403 reports (713) to the controller 401 that reception of 
a single-segment data has been completed. 
[0110] In this way even if a bus reset occurs during 
transmission of a single-segment data, executing the 
procedure indicated by 704 to 713 in Fig. 7 enables 
transmission of that entire segment of data to be re- 
sumed, without having to begin again from the begin- 
ning. Also, to begin transmission from the next or sub- 
sequent data segments, the controller 401 , source 402. 
and destination 403 need only repeat the procedures 
indicated by 704 to 713. 

[0111] As described above, in the configuration of the 
first embodiment, after the controller 401 detects a bus 
reset, the source 402 and destination 403 are requested 
to resume transmission. The source 402. using the off- 
set address communicated by the destination 403 which 
received the request for resumed transmission, is con- 
figured in such a way that it selects the data segments 
which need to be sent, and sends the data in sequential 
order, using asynchronous transmission. 
[0112] Through this procedure, even if a bus reset oc- 
curs while segmented data is being transmitted t the time 
required to restart the transmission and the volume of 
data caused by redundant transmission can be reduced, 
at the same time avoiding a deterioration in the trans- 
mission efficiency. 



(Configuration of the second embodiment) 

[0113] In the following section, the communication 
protocol of the configuration of the second embodiment 

5 will be described, applying the communication system 
shown in Fig. 1 , in the same way as for the configuration 
of the first embodiment. In this description, for the con- 
figuration of the second embodiment: the controller 401 
is the TV 101, the source 402 is the DVCR 104, and the 

w destination 403 is the printer 103. 

[0114] Subsequently, in the configuration of the sec- 
ond embodiment, descriptions of those materials or 
functions which are identical to or equivalent to those of 
the configuration of the first embodiment will be omitted, 

is using the same symbols as those used in the configu- 
ration of the first embodiment. 

[0115] The communication protocol of the configura- 
tion of the second embodiment, like that of the first em- 
bodiment, comprises, as shown in Fig. 4, three phases, 

20 namely, a connection phase 404, a transmission phase 
405 and a connection release phase 406. Subsequently 
in the configuration of the second embodiment, the 
transmission phase will be described in detail, in the 
same way as that of the first embodiment. 

25 [0116] Fig. 10 is a sequence chart describing the 
transmission phase of the configuration of the second 
embodiment in detail. 

[0117] In Fig. 10, because the procedure up to the 
point where a bus reset 707 occurs, meaning the pro- 

30 cedure consisting of steps 704 to 705 in Fig. 7. is the 
same as that for the configuration of the first embodi- 
ment, a description of that procedure is omitted. The fol- 
lowing section describes the processing which takes 
place following occurrence of a bus reset 707. 

35 [011 8] If a bus reset 707 occurs during asynchronous 
transmission of single-segment data, the source 402 in- 
terrupts the transmission of the segmented data. Along 
with interrupting the transmission of the segmented da- 
ta, the source 402 stores the offset address which is in- 

-*o eluded in the last asynchronous packet to be received 
normally before the bus reset occurred in an internal 
register. 

[0119] The internal register in which the offset ad- 
dress is stored is included in the digital interfaces 105 

^5 provided by the various devices or the control unit 106 
that controls the operations of the various devices. The 
offset address described above is stored in an internal 
register which is different from that in which the initial 
address of the reception buffer is stored. 

so [01 20] The destination 403, along with interrupting re- 
ception of the segmented data, retains the segmented 
data stored in the reception buffer without discarding 
any part of the data. 

[0121] After bus reset processing has been conclud- 
es ed, the controller 401 which detected the bus reset 707 
checks to see whether or not the node IDs of the source 
402 and the destination 403 have been changed. Fol- 
lowing that, the controller 401 issues instructions to the 
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source 402 and the destination 403 to resume data 
transmission (1001 and 1002). 

[0122] The communication packet carrying the in- 
struction to resume transmission which is sent to the 
source 402 contains the node ID of the destination 403 
which was specified by the bus reset 707. In addition, 
the data in this communication packet is configured as 
shown in Fig. 8, and a T is stored in area 80S (the re- 
send identification bit) inside field 807 in that communi- 
cation packet. The source 402 reads this area 808 and 
recognizes that re-send processing is to be carried out. 
[0123] In the same way, the communication packet 
which instructs the destination 403 that transmission is 
to be resumed contains the node ID of the source 402 
specified by the bus reset 707. 

[0124] The destination 403 : which received the in- 
struction from the controller 401 : waits for the segment- 
ed data to be re-sent from the source 402. The source 
402. which received the instruction from the controller 
401 ; reads the offset address stored in the internal reg- 
ister described above, and resumes asynchronous 
transmission starting from the data corresponding to 
that address (1003). 

[0125] At this point, the source 402 compares the val- 
ue of the initial address of the reception buffer 504 pro- 
vided by the destination 403 with the value of the offset 
address stored in the internal register described above, 
and identifies the portion of the segmented data from 
which transmission is to resume, based on the differ- 
ence between the two values. 

[0126] For example, if the least significant 16th bit of 
the initial address of the reception buffer stored in the 
internal register is "OEOOhV and the least significant 
16th bit of the offset address described above is 
"OE04h" 1 as shown in Fig. 9, the source 402 will resume 
asynchronous transmission from the data 901 of the fifth 
byte of the segmented data being transmitted when the 
transmission was interrupted by the bus reset. 
[0127] After asynchronous transmission of this single- 
segment data has been completed, the source 402 re- 
ports (712) to the controller 401 that the transmission 
has been completed. In the same way, the destination 
403 reports (71 3) to the controller 401 that reception of 
a single-segment data has been completed. 
[0128] In this way, even if a bus reset occurs during 
transmission of a single-segment data, executing the 
procedure indicated in Fig. 10 enables transmission of 
that entire segment of data to be resumed, without hav- 
ing to begin again from the beginning. 
[0129] A!so : to begin transmission from the next or 
subsequent data segments, the controller 401, source 
402.. and destination 403 need only repeat the proce- 
dure indicated in Fig. 10. 

[01 30] As described above, in the configuration of the 
second embodiment, after the controller 401 detects a 
bus reset, the source 402 and destination 403 are re- 
quested to resume transmission. The source 402 is con- 
figured in such a way that it uses the offset address in- 



cluded in the asynchronous packet transmitted normally 
prior to the bus reset, selects the portion of the segment- 
ed data which needs to be sent, and sends the data in 
sequential order using asynchronous transmission. 

5 [0131] Through this procedure, even if a bus reset oc- 
curs while segmented data is being transmitted, in the 
same way as the configuration of the first embodiment, 
the time required to restart the transmission and the vol- 
ume of data caused by redundant transmission can be 

10 reduced, at the same time avoiding a deterioration in the 
transmission efficiency. 

(Configuration of the third embodiment) 

is [0132] In the following section, the communication 
protocol of the configuration of the third embodiment will 
be described, applying the communication system 
shown in Fig. 1 . In this description, for the configuration 
of the third embodiment, the controller 401 is the TV 1 01 , 

20 the source 402 is the DVCR 104, and the destination 
403 is the printer 1 03. 

[0133] Subsequently, in the configuration of the third 
embodiment, descriptions of those materials or func- 
tions which are identical to or equivalent to those of the 
25 configuration of the first embodiment will be omitted, us- 
ing the same symbols as those used in the configuration 
of the first embodiment. 

[0134] In the configuration of the third embodiment, 
after the information data has been divided into one or 

30 more data segments, the source 402 transmits those 
data segments as one or more asynchronous packets, 
using asynchronous transmission. 
[01 35] The destination 403 receives the one or more 
asynchronous packets sent from the source 402 using 

35 asynchronous transmission, and stores the data in an 
internal memory, in single data segments. The controller 
401 selects information data sent from the source 402 
in conjunction with the size of the destination 403 buffer, 
and manages communications with the source 402 in- 

40 volving specifications such as the size of the segmented 
data lormulated by the source 402. and other parame- 
ters. 

[0136] The communication protocol of the configura- 
tion of the third embodiment, like that of the first embod- 

45 jmenr comprises three phases, namely a connection 
phase 404, a transmission phase 405 and a connection 
release phase 406. Subsequently in the configuration 
of the third embodiment, the transmission phase will be 
described in detail. 

so [0137] Fig. 11 is a sequence chart describing the 
transmission phase of the configuration of the third em- 
bodiment in detail. 

[0138] In Fig. 11. because the procedure up to the 
point where a bus reset 707 occurs, meaning the pro- 
55 cedure consisting of steps 1104 to 1106 in Fig. 11, is the 
same as that for the configuration of the first embodi- 
ment, a description of that procedure is omitted. I he fol- 
lowing section describes the processing which takes 
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place following occurrence of a bus reset 707, 
[01 39] If a bus reset 707 occurs during asynchronous 
transmission of single-segment data, the source 402 in- 
terrupts the transmission of the segmented data. Along 
with interrupting the transmission of the segmented da- 5 
ta, the source 402 stores the offset address which is in- 
cluded in the last asynchronous packet to be received 
normally before the bus reset occurred in an internal 
register. 

[0140] The internal register in which the offset ad- *o 
dress is stored is included in the digital interfaces 105 
provided by the various devices or the control unit 106 
that controls the operations of the various devices. The 
offset address described above is stored in an internal 
register which is different from that in which the initial *5 
address of the reception buffer is stored. 
[0141] The destination 403, in addition to interrupting 
reception of the segmented data, also retains the seg- 
mented data stored in the reception buffer without dis- 
carding any part of the data. 20 
[0142] After bus reset processing has been conclud- 
ed, the controller 401 which detected the bus reset 707 
checks to see whether or not the node IDs of the source 
402 and the destination 403 have been changed. Fol- 
lowing that, the controller 401 requests from the source 25 
402 the offset address containing the last asynchronous 
packet to have been transmitted normally (1101 ). 
[0143] The data in the communication packet sent to 
the source 402 is configured as shown in Fig. 5, and a 
"1 * is stored in area £08 (the re-send identification bit) 30 
inside field 807 in that communication packet. The 
source 402 reads this area 808 and recognizes that re- 
send processing is to be carried out. 
[0144] In response to this request, the source 402 
reads the offset address stored in the internal register 35 
described above, and communicates the address to the 
controller 401 (1102). The controller 401 , after receiving 
the notification from the source 402, issues an instruc- 
tion (1103) to resume asynchronous transmission start- 
ing from the data corresponding to that offset address. -0 
[0145] The source 402. which received the instruction 
from the controller 401 to resume transmission, 
resumes asynchronous transmission starting from the 
data corresponding to the offset address described 
above (1104). 45 
[0146] At this point, the source 402 compares the val- 
ue of the initial address of the reception buffer 504 pro- 
vided by the destination 403 with the value of The offset 
address described above, and identifies the portion of 
the segmented data from which transmission is to so 
resume : based on the difference between the two val- 
ues. 

[0147] For example, if the least significant 15th bit of 
the initial address of the reception buffer 504 stored in 
the internal register is "OEOOh", and the least signifi- ss 
cant 16th bit of the offset address described above is 
**OE04h* f as shown in Fig. 9, the source 402 will resume 
asynchronous transmission from the data 901 of the fifth 
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byte of the segmented data being transmitted when the 
transmission was interrupted by the bus reset. 
[01 48] After asynchronous transmission of this single- 
segment data has been completed, the source 402 re- 
ports (712) to the controller 401 that the transmission 
has been completed. In the same way, the destination 
403 reports (713) to the controller 40i that reception of 
a single-segment data has been completed. 
[0149] In this way. even if a bus reset occurs during 
transmission of a single-segment data, executing the 
procedure indicated in Fig. 11 enables transmission of 
that entire segment of data to be resumed, without hav- 
ing to begin again from the beginning. 
[0150] Also, to begin transmission from the next or 
subsequent data segments : the controller 401, source 
402, and destination 403 need only repeat the proce- 
dure indicated in Fig. 11. 

[01 51 ] As described above, in the configuration of the 
third embodiment, after the controller 401 detects a bus 
reset, it asks the source 402 for the offset address in- 
cluded in the asynchronous packet transmitted normally 
prior to the bus reset. The controller 401 is configured 
so that it then instructs the source 402 to resume asyn- 
chronous transmission starting from the data segment 
corresponding to the offset address commun icated from 
the source 402. 

[0152] Through this procedure, even if a bus reset oc- 
curs while segmented data is being transmitted, in the 
same way as the configuration of the first embodiment, 
the time required to restart the transmission and the vol- 
ume of data caused by redundant transmission can be 
reduced, at the same time avoiding a deterioration in the 
transmission efficiency. 

[Configuration of the embodiment of the invention] 
(Fourth embodiment) 

[0153] The following section describes the configura- 
tion of the fourth embodiment, based on the drawings. 
[0154] The flow of the data transmission phase 405 
of the present invention is shown in Fig. 1 3. The con- 
nection phase 404 and the connection release phase 
406 are the same as those shown in Fig. 4. 
[0155] In Fig. 13, the controller 401 first issues an in- 
struction (1004) to the destination 403 to receive the 
segmented data, and instructs the source 402 to send 
the segmented data (1205). The field 304 of the com- 
mand packet issued here by the controller 401 serves 
as the initial address of the buffer 504 of the destination 
403. Also, the re-send identification bit 808 in the status 
field 807 is set to *0" : which indicates that the command 
is an ordinary segment transmission command. 
[0156] The source 402 stores the value for the initial 
address 304 of the buffer 504 of the destination 403 in 
an interna! register. The various segments of data are 
sent (1205) from the source 402 to the destination 403 
as a number of asynchronous packets. 
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[0157] Assuming a bus reset (1207) occurring at this 
point, the source 402 interrupts the data transmission. 
The destination 403, along with interrupting the recep- 
tion of the data, stores the offset address which is in- 
cluded in the last asynchronous packet to be received 
normally before the bus reset occurred in an internal 
register. The data in the destination 403 buffer 504 is 
retained, without any part of the data being discarded. 
[01 58] Following this, the controller 401 which detect- 
ed the bus reset requests from the destination 403 the 
offset address of the last asynchronous packet to have 
been* received normally (1208). The destination 403 no- 
tifies (1209) the controller 401 of the offset address 
stored in the internal register. 

[0159] The controller 401 notifies the source 402 of 
the offset address communicated from the destination 
403 : and also instructs that transmission is to be re- 
sumed (1210). At this time, the value of the re-send iden- 
tification bit 505 in the status field 807 ol the command 
sent from the controller 401 is *1\ indicating that the 
command is an instruction to send the segment trans- 
mission once again. The field 804 also serves as the 
offset address of the buffer which was communicated 
from the destination 403. 

[0160] The source 402 selects the data in the seg- 
ment from which the re-transmission is to begin. This is 
done by identifying the difference between the initial ad- 
dress of the reception buffer 504 of the destination 403, 
which was stored in an internal register when the first 
re-send command was received, and the value in the 
re-send command field 504. 

[0161] For example, if the least significant 15th bit ol 
the initial address of the reception buffer of the destina- 
tion 403 stored in the internal register when the first re- 
send command was received is "OEOOh", and the least 
significant 16th bit of the offset address in the re-send 
command field 803 is "OE04h", as shown in Fig. 9, the 
source 402 will resume asynchronous transmission 
from the data 901 of the fifth byte of the segmented data 
being transmitted when the transmission was interrupt- 
ed by the bus reset (1215). 

[0162] After asynchronous transmission of this seg- 
mented data has been completed, normally the source 
402 reports (1 211) to the controller 401 that the trans- 
mission has been completed. The destination 403 also 
reports (1212) to the controller 401 that reception of the 
segmented data has been completed. 
[0163] When the transmission of the segmented data 
which was interrupted has been completed, the control- 
ler 401 instructs the destination 403 once again to re- 
ceive the next segmented data (1213), and instructs the 
source 402 to send the next segmented data (1 21 4). At 
this point, the command field 804 serves as the initial 
address of the buffer for the destination 403 : and the 
value of the re-send identification bit 808 in the status 
field 807 is set 1o "0", which indicates that the command 
is an ordinary segment transmission command. 
[01 64] By configuring the data communication system 



of the present embodiment in this manner, segments 
can be transmitted without starting over from the begin- 
ning even if a bus reset occurs, and unnecessary re- 
transmission of data can be eliminated. In addition, 
5 there is no need to reduce the size of the destination 
buffer, so that communication is kept to the segmented 
data itself, suppressing increases in the volume of bus 
traffic and improving transmission efficiency. 



[0165] The configurations of the embodiments 1 to 4 
described above can be actualized by means of soft- 
ware. For example, these embodiments are configured 
in such a way that a storage medium on which software 
program codes which actualize the functions of the em- 
bodiment configurations described above have been 
stored can be supplied to control units (including micro- 
computers) provided by the controller 401, source 402, 
and destination 403 of the present embodiment config- 
urations. 

[0166] The embodiment configurations of the present 
invention can be actualized by the control units provided 
by the controller 401 , source 402, and destination 403 
of the present embodiment configurations reading the 
program codes stored on the storage medium, and con- 
trolling the operations of the system or the device so as 
to achieve the (unctions of the embodiment configura- 
tions described above. 

[0167] For example, a storage medium containing 
program codes which actualize the processing and 
functions of the various embodiments shown in Figs. 7, 
10, 11. and 1 2 is supplied to the control units 1 06 of the 
nodes which serve as the controller 401, source 402 and 
destination 403. 

[01 68] The control units 1 06 of the nodes which serve 
as the controller 401, source 402 and destination 403 
may then read the program codes stored on the storage 
medium, and operate so as to actualize the functions of 
the various embodiment configurations 
[0169] In this case, the program codes read from the 
storage medium actualize the functions of the embodi- 
ment configurations described above themselves, 
which makes the storage medium on which those pro- 
gram codes have been stored a configuration element 
of the present invention. 

[0170] As a storage medium from which the program 
codes are supplied, various media may be used, such 
as, for example, a floppy disk, hard disk, optical disk, 
optornagnetic disk, CD-ROM, CD-R, magnetic tape, 
non-voiatite memory card, or ROM. 
[0171] In addition, a medium such as an OS (operat- 
ing system) or application software running in the control 
unit, based on the instructions of the program codes 
read from the storage medium, might be included in the 
present invention to actualize the functions of the em- 
bodiment configurations described above, by controlling 
the operations of the system or devices of the configu- 



re (Configuration of the fifth embodiment) 



15 



20 



25 



30 



35 



40 



45 



50 



12 



23 



EP 0 939 530 A2 



24 



3. A data communication system according to claim 2. 
wherein said packets are transmitted continuously. 

4. A data communication system according to claims 
s 2 and 3. wherein said address is stored in the pack- 
ets. 

5. A data communication system according to claims 
2 to 4, wherein said address is different in each of 

'0 the packets. 

6. A data communication system according to claims 
1 to 5, wherein the transmission of the information 
data is resumed by using an address specified by 

is said controller. 

7. A data communication system according to claims 
1 to 5, wherein the transmission of said information 
data is resumed by using an address specified by 

20 said destination. 

8. A data communication system according to claims 
1 to 5, wherein the transmission of said information 
data is resumed by using an address managed by 

25 said source. 

9. A data communication system according to claims 
1 to 8. wherein said default setting is carried out 
when the connection configuration of said network 

30 has been changed. 

10. A data communication system according to claims 
1 to 9. wherein said default setting includes a proces 
that automatically recognizes a connection config- 

35 uration of said network. 

11. A data communication system according to claims 
1 to 10, wherein said information data is transmitted 
by using the asynchronous transmission method of 

-0 an IEEE 1 394-1995 standards. 

12. A data communication system according to claims 
1 to 11, wherein said network is a network which 
conforms to an IEEE 1394-1995 standards. 

13. A data communication system according to claims 
1 to 1 2, wherein said information data is at least one 
of image data, graphics data or text data. 

50 14. A data communication system comprising: a source 
for transmitting information data by using an ad- 
dress specifying a part of the memory space pro- 
vided in a destination; 



ration of the present embodiment. 
[0172] Furthermore, after the program codes read 
from the storage medium have been written to a function 
expansion board connected to a control unit or a mem- 
ory provided by a function expansion unit, the control 
unit provided by said function expansion board may be 
said to be included in the present invention if the func- 
tions of the embodiment configurations described above 
are actualized by controlling the operation of the system 
or devices of the present embodiment configuration. 
[0173] Execution may be carried out in various man- 
ners, without straying from the spirit or the primary fea- 
tures of the present invention. 

[0174] For example, in the configurations of the first 
to fourth embodiments, the functions ol the controller 
401 . the source 402 and the destination 403 were de- 
scribed assuming that those various devices were pro- 
vided, but the present invention is not necessarily limited 
to those circumstances. For instance, the configuration 
might be designed to include devices which provide the 
same functions as those of the controller 401 and Ihe 
source 402 indicated in the configurations ol the first to 
fourth embodiments. 

[0175] If the present invention is configured in this 
way, because communication between the controller 
401 and the source 402 is carried out without a trans- 
mission channel being shared by the various devices, it 
may be possible to increase the transmission efficiency 
of the overall communication system. 
[0176] Consequently, the embodiment configurations 
described above are no more than examples of a 
number of points, and should not be interpreted in a lim- 
iting manner. 

Claims 

1 . A data communication system comprising: a source 
for transmitting information data by using an ad- 
dress specifying a part of the memory space pro- 
vided in a destination; 

a destination for storing the information data in 
a part of the memory space specified by the ad- 
dress; and 

a controller for managing data transmission be- 
tween said source and said destination; 
wherein, when a transmission of the informa- 
tion data is interrupted according to a default 
setting of a network, the transmission of the in- 
formation data is resumed without discarding 
any part of the data stored in said memory 
space. 

2. A data communication system according to claim 1 , 55 
wherein one or more segments of said information 
data are transmitted in one or more packets. 



a destination lor storing the information data in 
a part of the memory space specified by the ad- 
dress: and 

a controller for managing data transmission be- 
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tween said source and said destination; 
wherein, when a transmission of the informa- 
tion data is interrupted according to a default 
setting of a network, said source resumes the 
transmission from one part of the information 
data by using an address specified by said des- 
tination or said controller. 

1 5. A data communication method comprising the steps 
of: 

transmitting information data by using an ad- 
dress specifying a part of a memory space pro- 
vided in a destination; 

storing said information data in a part of the 
memory space specified by said address; and 
resuming a transmission of said information da- 
ta without discarding any part of the data stored 
in the memory space : when the transmission ol 
the information data is interrupted according to 
a default setting of a network. 

1 6. A data communication method comprising the steps 
of: 

transmitting information data by using an ad- 
dress specifying a part of a memory space pro- 
vided in a destination; and 
resuming a transmission of the information data 
without discarding any part of the data stored 
in the memory space, when the transmission of 
said information data is interrupted according 
to a default setting of a network. 

1 7. A data communication method comprising the steps 
of: 

storing information data transmitted from a 
source in a part of the memory space provided 
in a relevant source: and 
resuming a transmission of the information data 
without discarding any part of the data stored 
in the memory space : when the transmission of 
said information data is interrupted according 
to a default setting of a network. 

18. A data communication method comprising the steps 
of: 

specifying a beginning of transmission of infor- 
mation data, along with communicating an ad- 
dress specifying a part of a memory space pro- 
vided in a destination; and 
controlling to resume the transmission of the in- 
formation data without discarding any part of 
the data stored in the memory space, when the 
transmission of the information data is inter- 
rupted according to a default setting of a net- 



work. 

19. A data communication method comprising the steps 
of: 

5 

transmitting information data by using an ad- 
dress specifying a part of the memory space 
provided in a destination; 
storing the information data in a part of the 

10 memory space specified by the address; and 

resuming transmission of said information data 
from one part of said information data by using 
an address specified by said destination or said 
controller, when the transmission of said infor- 

is mation data is interrupted according to a default 

setting of a network. 

20. A data communication method comprising the steps 
of: 

20 

transmitting s information data by using an ad- 
dress specifying a part of the memory space 
provided in a destination; and 
resuming transmission of the information data 
25 from one part of said information data by using 

an address specified by said destination or said 
controller, when the transmission of the infor- 
mation data is interrupted according to a default 
setting of a network. 

30 

21 . A data communication method comprising steps of: 

storing information data transmitted from a 
source in a part of the memory space specified 
35 by said source; and 

specifying an address to said source specifying 
one part of the memory space, when a trans- 
mission of said information data is interrupted 
according to a default setting of a network. 

40 

22. A data communication method comprising the steps 
of: 

specifying a beginning of transmission of infor- 
ms mation data, along with specifying an address 

that specifies one part of a memory space in 

relation to said source; and 

specifying an address specifying one part of the 

memory space to said source, when a trans- 
50 mission of said information data is interrupted 

according to a default setting of a network. 

23. A data communication apparatus comprising: 

55 means for transmitting information data by us- 

ing an address specifying one part of a memory 
space provided in a destination: and 
means for executing control such that transmis- 
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sion of said information data is resumed without 
discarding any part of the data stored in the 
memory space, when the transmission of said 
information data is interrupted according to a 
default setting of a network. 5 

24. A data communication apparatus comprising: 

means for storing information data transmitted 
from a source to one part of a memory space io 
specified by a source; and 
means for executing control such a transmis- 
sion of the information data is resumed without 
discarding any part of the data stored in the 
memory space, when the transmission of the *5 
information data is interrupted according to a 
default setting of a network. 

25. A data communication apparatus comprising: 

20 

means lor transmitting information data by us- 
ing an address specifying one part of a memory 
space provided in a destination; and 
means for executing control such that transmis- 
sion ol the information data is resumed by using 25 
an address specified by said destination or said 
controller when the transmission of the infor- 
mation data is interrupted according to a default 
setting of a network. 

30 

26. A data communication apparatus comprising: 

means for storing information data transmitted 
from a source to one part of a memory space 
specified by a source; and 35 
means for specifying an address to said source 
that specifies one part of the memory space, 
when a transmission of the information data is 
interrupted according to a default setting of a 
network. 
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